 1  6 
In mammals, the primordial germ cells (PGCs) are considered germline stem cells which 4 0
give rise to the male and female gametes, ultimately responsible for the survival of species 4 1 and the transmission of genetic information across generations (Cinalli et al., 2008, Identification and characterization of the ovarian cell populations 9 8 To decipher the gene expression landscape and dissect the cellular heterogeneity during the 9 9 initiation of meiosis in female germ cells, in mice, we dissociated ovarian tissues from 1 0 0 E11.5, E12.5, E13.5, and E14.5 embryos and prepared single cell suspensions for scRNA 1 0 1 seq (Figure 1a and Supplementary Figure 1a ) (Baltus et al., 2006 , Koubova et al., 2006 . To Figure 1c ). Consistent with previous findings, germ cells in E11.5 and E12.5 were mitotic, 1 0 6 and it was not until E13.5 that some germ cells entered meiosis (Kocer et al., 2009 ). After filtering low quality cells based on the number of genes, unique molecular 1 0 8 identifiers and the percentage of mitochondria genes ( Supplementary Figure 1b) , we 1 0 9 obtained a total of 19,387 ovarian cells (4,916 cells for E11.5, 4,842 cells for E12.5, 4,842 1 1 0 cells for E13.5, and 4,787 cells for E14.5, respectively) and 19,321 genes, with the median 1 1 1 genes per cell ranging from 3.097 ~ 3,613 ( Supplementary Figure 1a ). To characterize cell 1 1 2 identity, we integrated the four samples and performed t-distributed Stochastic Neighbor Embedding (tSNE) clustering analysis to dissect cellular heterogeneity among the ovarian 1 1 4 cell populations (Figure 1d ). After the tSNE projection, the four datasets integrated To identify germ cell populations within the plot, we visualized two genes that serve as 1 1 8 classical germ cell markers, Dazl and Ddx4. Their expression across all single cells was 1 1 9 determined and it was found that three cell clusters highly expressed the germ cell marker 1 2 0 genes ( Figure 1e ) (Haston et al., 2009 , Woods & Tilly, 2013 . Pregranulosa cells or their 1 2 1 precursors (supporting somatic cells) were identified within three distinct clusters on the al., 2012 , McLaren, 2000 . We also identified 5 ovarian somatic cells with their classic we found that subcluster 0, 1 and 6 were mainly composed of cells from E11.5 and E12.5, 3 4 0 while subcluster 2, 3, and 5 were mainly composed of cells from E13.5 and E14.5 ( Figure   3 4 1 5b), which likely delineates the differentiation of supporting cells into pregranulosa cells. We then reconstructed the pseudotime ordering of all granulosa cell lineage precursors and 3 4 3 it was revealed that within the four developmental points, granulosa cell lineage precursors This suggested a high heterogeneity of granulosa cell lineage precursors during meiotic 3 4 6 initiation. To define more precisely the gene expression transition during the cell fate 3 4 7 decision from supporting cells into pregranulosa cells, between E12.5 and E13.5, we 3 4 8 performed DEG comparisons on the pseudotime ordering of these cells (Figure 5f ). We 3 4 9 observed three sets of DEGs and for the pre-branch lineage, DEGs enriched the GO terms 3 5 0 of "organic acid catabolic process and small molecular biosynthetic process", while branch In our aforementioned tSNE projection of somatic cell clusters, it was observed that two 3 5 7 mesothelial, two interstitial and one endothelial cell population(s) can be characterized 3 5 8 ( Figure 6a ). Interestingly, the preliminary analysis indicated that the clusters within the 3 5 9 interstitial and mesothelial cells expressed a similar level of Bgn and Upk3b, that we had 3 6 0 used to mark interstitial and mesothelial, respectively (Figure 6b , top panel). However, the 3 6 1 expression of cell cycle-related genes, such as Cdk1, Ccna2 and Cenpa, showed specific To gain further insight into the transcriptome differences between the cell clusters, we then interaction network analysis suggested that the 41 co-expressed DEGs mainly enriched in 3 6 8 "cell cycle-related network" (Figure 6c , right panel). GO analysis also indicated that the 3 6 9 co-expressed DEGs enriched the GO terms of "cell cycle, cell division and regulation of 3 7 0 mitotic cell cycle" (Figure 6d ), suggesting that clusters 2 and 4 shared a similar cellular 3 7 1 status. As for cluster 1 and cluster 3, GO enrichment analysis showed that cluster 1 3 7 2 enriched the GO terms of "cardiovascular system development, circulatory system Table 3 ). On the whole, these results suggest that during the early stages of ovary 3 7 6 development interstitial and mesothelial cells possess two cellular states, one primed to 3 7 7 differentiation and another to self-renew. Finally, we analyzed the interstitial, mesothelial and endothelial cells at a higher analysis. The tSNE projection revealed three subclusters for endothelial cells and five 3 8 1 subclusters each for interstitial and mesothelial cells ( Supplementary Figure 7a ). We next 3 8 2 compared the top five DEGs among the clusters and found that cluster 1, 2 in interstitial, 3 8 3 cluster 2, 3, 4 in mesothelial cells and a portion of cluster 1, 2 in endothelial cells showed ( Supplementary Figure 7b, 7c ). This illustrated that interstitial, mesothelial and also 3 8 6 endothelial populations possess two cellular states. Furthermore, it was found that the 3 8 7 percentage of interstitial cells with "differentiating" status was higher at E13.5 while the The scRNA-seq technology facilitates the identification of new cell types and gene 3 9 4 regulatory networks as well as allowing dissection of the kinetics and patterns of 3 9 5 allele-specific gene expression (Bacher & Kendziorski, 2016 , Liu & Trapnell, 2016 . In during complex biological processes and within highly heterogeneous cell populations. These studies allow the discovery of genes that identify certain subtypes of cells, or that In the present paper, we used such an approach for the first time in order to obtain new (E11.5-E13.5), followed by the initiation and progression of meiosis (E13.5-E14.5) in the 4 1 0 female mouse fetus. This allowed using the expression of marker genes by PGCs before 4 1 1 (Pou5f1, Sox2 and Sall4), and at meiotic initiation (Dazl, Stra8, Smc1b and Rec8) , and later 4 1 2 by oocytes during the first stages of meiotic prophase I (Dmrtc2, Tex12, Tex15 and Taf7l). I and their dynamics throughout the developmental period studied (Butler et al., 2018) . Several new genes, highly expressed by each of these populations were also found. In total, 4 1 7 634, 654 and 1,189 DEGs were identified in premeiotic, early and late meiotic germ cells, and future studies aimed to unravel the role that some of these genes play during meiosis 4 2 8
should provide critical information about early gametogenesis in mammals. We also identified master regulons of germ cells which may drive the meiotic and mesothelial cells showed two distinct cellular states that according to their 4 5 0 transcriptome profile, we defined as "self-renewing" and "differentiating". In conclusion, the present data represents a new important resource for deciphering All mice used in this study were C57/BL6 mice purchased from Beijing Vital River were approved by the Animal Care and Use Committee of Qingdao Agricultural University. Briefly, all C57/BL6 mice were housed in a light and temperature-controlled room (light: were considered 0.5 days post coitum (dpc). were isolated using a pair of precise forceps as previously described (Morohaku et al., used for sexing. The following primers were used according to the previously described water for 10 min, then the tissues were directly used as PCR templates and PCR was Immunofluorescence staining of synaptonemal complexes was used for determining the 4 8 8 meiotic progression of germ cells at different stages as we previously described (Feng et al., temperature, after that, the genital ridges were transferred into 4 % paraformaldehyde Wuhan, China, AR0009) and 0.05M Tris-HCl. After blocking, the first antibody (SCP3, 4 9 8
Novus Littleton, CO, USA, NB300-232; γ H2AX, Abcam, Shanghai, China, ab26350) was 4 9 9 then added and the slides were incubated at 37 °C for 8 h. After three times wash to remove The isolated single cell pellets were first fixed with 4 % paraformaldehyde at 4 °C for 30 5 0 8 min, then, the cell pellets were plated on 3-Aminopropyl-Triethoxysilane (APES, ZSbio, were washed three times with PBS supplemented with 1 % BSA, and then the secondary antibodies were added and were incubated with the slides at 37 °C for 2 h. Finally, the 5 1 8 slides were mounted with Vectashield mounting media and pictures were taken using a Single cell library was prepared using the 10x Genomics Chromium Single Cell 3′ Library ridges, about 8 -10 female fetus were prepared for each group. The genital ridges were then 5 2 7 mixed and dissociated with a 0.25 % trypsin-EDTA solution for 3 min at 37 °C. After Cell System (10×Genomics). To barcode cDNA in each cell, the cells were then lysed and followed by a reverse transcription procedure. After that, cDNA recovery was performed the Seurat determined variable genes as highly variable genes for ordering. Dimensionality was reduced using the DDRTree method with regression based on the number of UMIs. The represents a gene, then we used geneFiltering function to remove genes with UMI counts 5 9 1 across all samples less than 80.12 and expressed in less than 1 % of cells. After that, we 5 9 2 used GENIE3 to infer co-expression matrix which contains potential regulators. To identify 5 9 3 potential direct-binding targets, RcisTarget was then used based on DNA-motif analysis and 5 9 4
we used databases (mm10) that score the motifs in the promoter of the genes (up to 500 bp 5 9 5 upstream the TSS), and in the 10 kb around the TSS (+/-10 kb). Last, we used the AUCell 5 9 6
algorithm to calculate regulon activity in each cell and convert the network activity into 5 9 7
ON/OFF (binary activity matrix) with default settings. mice. When the fetus reached E14.5 oocytes at the pachytene and diplotene stages were the average expression level of the indicated genes. were subclustered using Seurat (left) and were then analyzed with PCA (right, color-coded
with the cell identity). b tSNE projection of all germ cells. Cells from E11.5, E12.5 and 8 2 1
E13.5 showed a closely clustering pattern while E14.5 showed a discrete clustering pattern 8 2 2
(left). Reforming tSNE clustering illustrated 7 transcriptionally different sub-clusters (right). genes in each cluster and the dot colour intensity represents the average expression level of 8 3 0
the indicated genes. single cell and each row represents one regulon.
"
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